To determine the preliminary effectiveness of breast cancer screening among Chinese females, 1226714 women aged 35-69 years first received clinical breast examinations. Urban women with suspected cancer received mammography followed by breast ultrasound (BUS), while rural suspected women underwent BUS followed by mammography. After one-year follow-up, 223 and 431 breast cancers were detected among urban and rural women (respectively), with overall detection rates of 0.56/1000 and 0.52/1000. Higher detection rates were significantly associated with older age at screening for both urban and rural women; additionally, urban women were at significantly higher risk if they had no job, no insurance, or were obese; additional risk factors specific to rural women included Han nationality, higher income, being unmarried, and having a family history of cancer (all P values < 0.05). Among screening-detected breast cancers in urban vs. rural women, 46.2% and 38.8% (respectively) were early stage, 62.5% and 66.3% were ≤2 centimeters, 38.0% and 47.3% included lymph-node involvement, and 14.0% and 6.0% were identified as carcinoma in situ. All abovementioned cancer characteristics were significantly better than clinic-detected cancers (all P values < 0.001). In conclusion, several important differences were found between urban and rural women in screening effectiveness and patterns of cancer distribution.
The incidence of breast cancer is much lower in China (32.4/100000) than in western countries 1, 2 . However, incidence has increased by 3-5% annually in both urban and rural areas in China for the last 20 years, much faster than the world average annual increase of 0.5% 3, 4 . Moreover, the five-year relative survival for breast cancer among Chinese women was only 73.0% in [2003] [2004] [2005] , but 91% in American women in 2005-2011 2, 5 . Besides the differences in treatment practices between the two countries 1, 2, 6 , another important cause for the substantial differences in survival has to do with the stage at which the cancer is detected, which is largely influenced by cancer screening practices.
Although population-based breast cancer screening is widely practiced around the world, especially in developed countries, the coverage of mammography screening for breast cancer is still very low in China. Barriers to the implementation of a population-based mammography screening program include insufficient cost-effectiveness data; the large, widely dispersed population; shortage of mammography equipment; and inadequate insurance coverage for such a program 6 . As a result, the overall opportunistic mammography screening rate in China was only 21.7% in 2010 7 , while the population-based mammography screening in America women was 68.5% in 2008 8 . Moreover, less than 1% of breast cancer patients in China were detected as carcinoma in situ at diagnosis in 1999-2008 9 , while in the United States the proportion was 20% among both non-Hispanic white and African American women in 2013 10 .
To raise awareness and knowledge regarding breast cancer among Chinese women, and to collect baseline data for developing feasible breast cancer screening schemes for Chinese urban and rural women, in 2008 the Chinese Ministry of Health launched the Chinese National Breast Cancer Screening Program (CNBCSP) covering 29 provinces. Here we aim to evaluate the preliminary effectiveness of this population-based breast cancer screening program.
Results
Demographic Characteristics of CNBCSP. Among urban women in the study, 96.6% were of Han ethnicity, 79.3% had an education level higher than primary school, 94.7% had a job, 72.7% had a family income <3,000 Chinese RMB/month, 67.7% had lived with 1-3 family members, 80.4% had health insurance, 95.8% were being married (excluded single, divorced, separated, or widowed), 70.3% had married at age ≤25 years, 65.8% had no family history of cancer, and 77.9% had a body mass index (BMI) <25 kg/m 2 . Similar distributions of demographic factors were also found among Chinese rural women. However, only 51.9% of rural women had an education level higher than primary school and only 20.6% held jobs, but 60.6% lived with more family members (≥4) ( Table 1 ).
Overall detection rates of breast cancer. A total of 223 and 431 breast cancers were detected among Chinese urban and rural women (respectively), with overall detection rates of 0.56/1,000 and 0.52/1,000. For urban women, although there was no significant differences in detection rates among the northeast (0.79/1,000), the north (0.75/1,000), the central (0.65/1,000), and the south (0.63/1,000), the detection rate in the northeast was significantly higher than that in the east (0.41/1,000, P = 0.004), the southwest (0.36/1,000, P = 0.003), and the northwest (0.35/1,000, P = 0.016). Among rural women, there was no significant difference between detection rates in the east (0.74/1,000) and those in the north (0.71/1,000). However, the detection rate in the east was significantly higher than that in central (0.55/1,000, P = 0.042), southwest (0.44/1,000, P = 0.0007), northeast (0.41/1,000, P = 0.002), southern (0.33/1,000, P = 0.003), or northwestern China (0.30/1,000, P < 0.001) (Fig. 1 ). Provincial detection rates of breast cancer for Chinese urban women and rural women are mapped in Supplementary Fig. 1 .
Detection rates of breast cancer among urban women stratified by demographic characteristics.
Among urban women, breast cancer detection rates were significantly higher among women who were older at screening [65-69 years vs. 35-39 years, detection rates: 1.12/1000 vs. 0.18/1000; odds ratio (OR) and its 95% confidential intervals (95% CIs): 6.36 (3.22-12.60 (Fig. 2, Supplementary Table 1) .
The Chi-square test showed that the distribution of occupation was significantly different according to insurance among urban women (P < 0.001, Supplementary Table 2) . After reclassifying urban women into four groups according to occupation and insurance (defined as occupation/insurance), we found that the distribution of obesity was significantly associated with occupation/insurance (Fig. 3) . In addition, women who had no job but did have insurance were significantly more likely to be obese than other women (P < 0.001, Supplementary Table 3) .
Women who had neither occupation nor insurance had a higher detection rate of breast cancer (1.86/1000) than women with both occupation and insurance (0.52/1000, P = 0.012). After further stratification according to obesity, women with neither occupation nor insurance also had the highest detection rate of breast cancer (2.37/1000) among non-obese women (all P < 0.05). However, there was no significant difference among the four groups of women among obese women (Fig. 4) .
Detection rates of breast cancer among rural women stratified by demographic characteristics.
As was the case with urban women, higher detection rates of breast cancer were also significantly associated with elder age at screening among rural women [55-59 years vs. 35 The Chi-square test showed that the distribution of family income was significantly associated with marital status among rural women (P < 0.001, Supplementary according to family income and marriage (defined as income/marriage), we also found that the distribution of family history of cancer was significantly associated with income/marriage (P < 0.001, Supplementary Table 5 ).
The detection rate of breast cancer among married women with high income (0.56/1000) was significantly lower than that among unmarried women with high income (1.58/1000, P = 0.004) but significantly higher than that among married women with low income (0.39/1000, P = 0.002). After further stratification according to family history of cancer, similar results were found among women with a family history of cancer; however, there was no significant difference among the four groups of women without family history of cancer (Fig. 5) .
Tumor characteristics of screening-detected breast cancers. Using the American Joint Committee on Cancer (AJCC) TNM staging system, 13.0% and 24.7% of 223 screening-detected breast cancers among urban women were stage 0 and stage I (respectively), with 3.0% and 24.6% among 431 rural cases. Screening detected significantly higher proportions of early-stage (stage 0 + I) breast cancer among both urban cases (37.7%) and rural cases (27.6%) than were detected in the clinic [21.5% of 475 cases, both P values < 0.001]. The proportions of tumor sizes <2 centimeters among both urban (51.6%) and rural cases (40.1%) were also significantly higher than those among clinic-detected cases (30.9%, both P values < 0.001). The proportion of cases with lymph node involvement identified by screening among urban women (24.2%) was significantly lower than that detected in the clinic (48.8%, P < 0.001), though there was no significant difference among rural women (18.3%) between the proportions of screening-and clinic-detected cases. The proportions of carcinoma in situ were 13.0% and 3.0% for urban cases and rural cases, respectively (Fig. 6) .
Sensitivity analyses after excluding the unknown group for each abovementioned tumor characteristic gave results similar to the primary results: more cancer in early stage (46.2% and 38.8% of screening-detected urban and rural cancers, vs. only 23.4% of clinic-detected cancers), smaller tumors (62.5% and 66.3% of screening-detected urban and rural cancers had tumor size <2 centimeters, vs. 35.8% of clinic-detected cancers), less lymph node involvement (38.0% and 47.3% of screening-detected urban and rural cancers vs. 52.3% of clinic-detected cancers), and better tumor behavior (14.0% and 6.0% of screening-detected urban and rural cancers were carcinoma in situ vs. 3.6% of clinic-detected cancers).
After stratifying by demographic variables, a higher proportion of early-stage breast cancer was significantly associated with unmarried status for urban cases, and no factors were found to be significantly associated with a higher proportion of early-stage breast cancer among rural cases (Fig. 7) .
Discussion
The CNBCSP is the largest prospective population-based breast cancer screening cohort study ever in China. We not only achieved a breast cancer detection rate higher than the incidence rate of breast cancer reported by the Chinese cancer registry, but we also found more cancers with favorable tumor characteristics, i.e., earlier in stage, smaller in size, and with less lymph node involvement and better tumor behavior compared with clinic-detected cancers during the same period 11 . More important, based on more than 1.2 million Chinese women, we found several important differences between urban and rural women in screening parameters: detection rates, tumor characteristics, and patterns of cancer distribution. These results suggest that tailored screening schemes targeting specific populations are needed and would be expected to improve screening effectiveness.
As expected, the cancer detection rates in CNBCSP for Chinese urban women (0.6/1,000) and rural women (0.5/1,000) were much lower than those in western countries, including the United States (5.1/1,000 in the National Breast and Cervical Cancer Early Detection Program (NBCCEDP) 12, 13 ), United Kingdom (5.4/1,000 to 6.7/1,000 in the National Health Service Breast Screening Programme (NHS-BSP) 14, 15 ), and Canada (2.5/1,000 to 7.9/1,000 in the Canadian National Breast Screening Study (CNBSS) 16, 17 ). And the cancer detection rates in CNBCSP were even lower than that in the controls arm of CNBSS 2 (3.5/1,000) -the only study arm in which CBE was performed as the primary screening modality 17 . Several reasons, including the baseline incidence rates of breast cancer for different populations and different screening strategies conducted in different studies 1, 2, [12] [13] [14] [15] [16] [17] , could lead to the lower detection rates in our study compared with previous studies. For example, in NBCCEDP, NHS-BSP and the intervention arm of CNBSS [12] [13] [14] [15] [16] [17] , nearly all participants in screening programs receive MAM, while participants in CNBCSP are first screened by CBE, followed by MAM or BUS.
The most important result is that we not only found differences in preliminary effectiveness of breast cancer screening between Chinese urban and rural women, but also observed different factors associated with higher detection rates of breast cancer. These factors will be very useful in targeting high-risk populations for breast cancer screening. Certain factors, including older age at screening, family history of cancer, and obesity are known risk factors for breast cancer [18] [19] [20] . Other factors also reported here and in previous studies include lack of occupation or insurance (which indicate lower socioeconomic status and less access to breast-screening services) [21] [22] [23] . However, the only factor consistently associated with higher detection rates of breast cancer among both urban and rural women was older age at screening. Additionally, cancer detection rates among urban women tended to be more affected by obesity, while rates among rural women were more strongly affected by a family history of cancer. More interestingly, among Chinese urban women, non-obese women without employment or insurance seem to be at high risk for breast cancer. In addition to lower socioeconomic status and less chance to access breast-screening services, this subgroup of women without occupation or insurance would probably be the floating population in urban regions of China. Among Chinese rural women, unmarried women with a family history of cancer and high income should be considered a potential high-risk population. Among rural Chinese women, a high income may also suggest that the traditional Chinese high-fiber dietary pattern has begun to change to a more Western high protein-and-fat dietary pattern. Further studies are also needed to validate these results. In addition, several previous hospital-based studies have suggested that breast tumor characteristics including stage, size, lymph node status, and histologic type are important prognostic factors [24] [25] [26] . Given more favorable tumor characteristics, we could expect our screening-detected breast cancer patients to have better outcomes than those with clinic-detected tumors. And we also found that among urban women, a family history of cancer was significantly associated with higher proportion of early-stage breast cancers. Therefore, future screening targeting these special populations would not only achieve a higher detection rate (as mentioned above), but could identify and treat more women with operable screening-detected early-stage cancer.
Another concern that should be addressed is the starting age (35 years) of screening in our program. Thirty-five years would be really too young to start regular screening according to previous screening trials conducted in western countries. However, in our study, we set the starting age of screening as 35 years based on the following three major considerations. First, according to age distribution of breast cancer from Chinese Cancer Registry, the starting high-risk age of breast cancer for both urban and rural women was 35 years old. Second, the mean age at diagnosis of breast cancer in China is considerably younger than that for western women 6 . Third, we set the age of starting screening as 35 years in our current study, it does not mean that we will recommend 35 years as the starting age of regular screening in the future Chinese guideline of breast cancer screening. In addition, according to the recommendations of the American Cancer Society, the suggested starting age for regular mammography screening was 40 in 2003 27 . Until 2015, the starting age for regular screening was changed to 45 28 . Therefore, based on the abovementioned considerations and the available guideline recommendations before the starting year of CNBCSP, we set the starting age of screening as 35 years in our current study.
Several limitations can be found in our study. First, due to lack of an unscreened control group, we cannot accurately determine the effectiveness of our screening program, despite having conducted several indirect comparisons (between detection rates of breast cancer in our program and incidence of breast cancer reported by the Chinese cancer registry over the same period; and between screening-detected cancers and clinic-detected cancers during the same period). Second, according to IARC reviews, there is inadequate evidence of mortality reduction based on CBE 29 . However, IARC also points out that there is sufficient evidence that tumors that were detected shifted toward an earlier stage 29 . The most important evidence came from another large developing country-India 30 . Therefore, ours would be first large population-based study of whether CBE should be introduced in future population-based screening programs in China. Third, due to our reliance on only one round of screening, our screening effectiveness was based solely on prevalence rather than incidence. Lastly, due to limited social resources, only selected breast cancer risk factors (such as family history of cancer and obesity) were investigated in our program. Therefore, we could not develop a comprehensive risk-assessment strategy based on known risk factors of breast cancer to identify population potential at high risk of breast cancer.
Conclusions
The CNBCSP is the largest prospective population-based breast cancer screening cohort study ever in China and has achieved preliminary effectiveness among both urban and rural women. Between Chinese urban and rural women, we found several important differences in detection rates, tumor characteristics, and patterns of cancer distribution. In the future, feasible screening schemes targeting specific populations are needed and would be expected to achieve higher detection rates of breast cancer. Additional cost-effectiveness analyses are needed to evaluate the health-economic benefits of different screening methods. Before screening, the target population was selected from one or two urban communities with high incidence of breast cancer, were chosen by the provincial cancer registry according to local cancer registry data. Then a list of women in the target population was acquired from the local department of household registration from the Public Security Bureau or local residential committees. Archives including detailed information (name, person ID, age, and address) of the target population were established. Invitation letters with health education information were sent to all eligible women by the community staff, who also suggested a time for a screening appointment. The response rates of urban and rural women for breast cancer screening were 54.37% and 63.10%, respectively (Supplementary Table 6 ).
Methods
At the beginning of screening, after signing informed consent regarding all experimental protocols, all eligible women underwent a face-to-face interview to collect demographic data. Then trained physicians performed a clinical breast examination (CBE) on each participant. Urban women suspected of having cancer underwent mammography (MAM), and then underwent breast ultrasound (BUS) examination. However, MAM devices were not easily accessed due to limited medical resources in Chinese rural regions, and BUS was more available than MAM in these regions. Therefore, after undergoing CBE, rural women suspected of having cancer underwent BUS followed by MAM. This procedure is currently more suitable for women in Chinese rural regions according to the committee of experts of CNBCSP. Finally, needle aspiration biopsy or surgery was performed to confirm diagnosis in those with a highly suspected malignancy suggested by either MAM or BUS. One-year follow-up was conducted to validate negative results. The screening flowchart from CNBCSP is shown in Supplementary Fig. 2 .
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Data collection. During the face-to-face interview, demographic data collected from all participants via structured questionnaire included participants' age, marital status, age at marriage, nationality, educational level, occupation, number of family members living with participant, family income, health insurance, and family history of cancer. Body height and weight were measured by trained investigators. For detailed quality control measures of height and weight, please refer to our previously published paper 32 . And BMI calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). Obesity was defined as BMI ≥25 kg/m 2 . Data gathered during the CBE screening (included any signs of palpable lumps in the breast(s) or axilla, skin thickening or retraction, or nipple discharge or retraction) were noted and recorded on a structured form. Data from imaging (including mass characteristics, architectural distortion, asymmetric density, and calcification) were recorded on case report forms designed for BUS and MAM. If there was more than one lesion (multifocal) in a subject's breast(s), the largest lesion was recorded. Final diagnostic results from CBE/BUS examinations were recoded categorically as: (1) normal, (2) abnormal benign, (3) suspicious malignancy, and (4) highly suggestive of a malignancy. MAM results were recorded according to the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) and categorized as: (0) additional imaging needed; (1) negative; (2) benign finding; (3) probably benign finding; (4) suspicious malignancy; and (5) highly suggestive of a malignancy 33 . For each examination, both (4) and (5) were considered positive, and other diagnostic results were considered negative.
The pathological examination was used as the reference standard for breast cancer diagnosis. For all breast cancers confirmed by pathological examination, clinical data on tumor characteristics (including tumor stage, tumor size, lymph node status, and histological type) were obtained from pathological reports. Tumor stage was defined according to the American Joint Committee on Cancer (AJCC) TNM staging system 34 . Stages 0 and I were considered early stage, and stages II, III, and IV were considered advanced stages in the analysis.
Quality control.
Various training courses and seminars based on the study protocol were conducted in a train-the-trainer model 35 . Briefly, in the first step, all provincial investigators, technicians, and physicians participating in the study were trained to learn the standardized epidemiological interview and screening procedures for CBE, BUS, and MAM. In the second step, the local investigators, technicians, and physicians participating in the study were trained by the provincial investigators, technicians, and physicians. Regular intensive training was also provided for local investigators, technicians, and physicians to ensure adherence to protocols.
Bilateral BUS assessments were performed by one or two technicians specializing in ultrasound, and bilateral mammograms were obtained using a full-field digital mammography system. For all imaging examinations, 5% of films were randomly selected for reassessment. Discrepancies between primary assessment and reassessment were resolved by a senior radiologist. For detailed quality control measures of mammography assessment, please refer to our previously published paper 36 . All the examination data were double-entered and checked for consistency. Further comprehensive logic checking was conducted to remove logic errors between variables before analyses.
All the methods were in accordance with approved guidelines. All experimental protocols were approved by the Institutional Review Board of Tianjin Medical University Cancer Institute and Hospital, and informed consent was obtained from all subjects regarding all experimental protocols.
Statistical analysis. The overall breast cancer detection rates and subgroup detection rates, stratified by demographic characteristics, were separately calculated for urban women and rural women. The ORs and their 95% CIs were calculated to evaluate the association between detection rates of breast cancer and demographic variables. Further stratified chi-squared tests were used to determine whether there was a cluster of factors associated with higher rates of breast cancer detection.
The clinical characteristics of screening-detected cancers were compared with those of clinic-detected cancers from the same period, obtained from a nation-wide multicenter retrospective clinical epidemiological study of female breast cancer in China 9 . After chi-squared tests the overall proportions of early-stage breast cancer and demographic subgroups were calculated for urban women and rural women.
After excluding missing values for all aforementioned analyses, sensitivity analyses were conducted to validate the primary results. Data analyses were conducted with SAS software version 9.3 and R 3.2.3. Two-sided P < 0.05 was considered statistically significant. Maps were created with the package ggplot2 (version 2.1.0) of R software (version 3.2.3).
